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PREFACE
This publication is a result of the research program of the Institute of
Natural and Environmental Resources. The Institute is a multi-disciplinary
group of scientists involved in a coordinated program of research, teaching
and extension. The research effort encompasses investigations of: problems
affecting the quality of the environment, economics of agriculture, forest and
wildlife resources, the efficient use and conservation of water and soil, and
regional and community planning and development.
The author wishes to express his appreciation to the sewage plant operators,
who so willingly cooperated with this project, and to Mr. Douglas Lash for his
assistance in sludge sampling and analysis.
Programs of the New Hampshire Agricultural Experiment Station are open
to all persons without regard to race, color, national origin or sex. The




Disposal of sewage sludge is rapidly becoming the major environmental
problem in New Hampshire. State and Federal regulations enacted during the
last decade require that all sewerage collection systems provide at least primary
treatment, and regulations further require most New Hampshire towns to initiate
plans for secondary treatment. Although the quantities of sludge thereby
produced by New Hampshire towns are relatively small when compared with
large cities of the U.S., its disposal presents significant problems to many
individual communities.
Nationwide, many imaginative techniques for disposal of sewage sludge are
being developed. However, most of these disposal techniques are geared toward
large quantities of sludge. As such, they are too expensive for use by small New
Hampshire towns, many of which produce less sludge in a year than a
medium-size city produces in a day. Considering the amounts produced by most
towns and the relatively large areas of undeveloped land in the state, land
disposal of the sludge is probably the best disposal method. However, if sludge is
to be placed on the land, it is paramount that its impact on the plant and animal
(including human) community is considered.
The U.S. Environmental Protection Agency requires that sludge be disposed
in a manner that does not present a human health hazard, with primary concern
being on disease-causing organisms. These organisms can usually be destroyed by
proper pretreatment and disposal techniques. The inorganic constituents of
sludge present a less obvious, but potentially more dangerous hazard to plant
and animal life, as well as to human health. Certain potentially toxic elements
may build up in the soil, and be taken up by plants in quantities toxic to the
plant or to animals feeding on the plant. Conversely, some elements may leach
into groundwater supplies, an equally undesirable situation.
Since little information was available concerning the inorganic constituents
of New Hampshire sludges, a survey of the materials conducted as a preliminary
step to possible development of on-land disposal techniques.

Methods
During October and November, 1973, sludge samples were collected from
22 N.H. sewage treatment plants. Samples were not collected from several
communities which have treatment systems, since disposal is via small lagoons,
or an anaerobic digester is emptied only once a year.
Nitrogen was determined by Kjeldahl method (Bremner 1965), and carbon
by the Walkley-Black wet oxidation method (Allison, 1965). Phosphorus,
potassium, calcium, magnesium, sodium, manganese, iron, boron, copper, zinc,
aluminum, strontium, barium, and molybdenum were determined at the Ohio
Research and Development Center's Spetrographic Laboratory. Silver, beryUium,
cadmium, cobalt, chromium, lithium, nickel, lead, antimony, and tin were
determined by emission spectroscopy at the University of New Hampshire's
Center for Industrial and Institutional Development,
Errors in Measurement
Due to high cost of analysis and limited research funds, only one sample was
collected from each of the treatment plants. Thus, the chemical analyses are
merely indicative of the sludge composition on a given calendar date. They may
or may not be representative of sludge composition if measured over a longer
period of time, since sludges from the same source can vary considerably in their
composition, even on a daily basis. For example, Sommers and Nelson (1974)
found that, in analyzing sludges from nine Indiana cities over a two-year period,
constituent variations of 60 percent or greater from the average values were not
uncommon. Relative magnitudes are, however, indicative of what one might find
in the sludges of New Hampshire.
In addition, the precision of analysis must be considered. Errors in analysis
of nitrogen and carbon may be assumed to be no greater than two percent.
However, error in spectrophotometric analyses tend to be somewhat greater. The
reported values for the elements other than nitrogen and carbon are considered
to be within thirty percent of the actual value.
Results and Discussion
For comparative purposes, the towns from which sludge samples were
obtained were divided into three groups: (1) those containing little or no
industry, (2) those having a moderate amount of industry, and (3) those which
are heavily industrial. (Table 1). The latter group is of greatest interest since the
sludge from industrial towns is the most likely to contain potentially toxic
elements in substantial quantities. The sludges of all towns having probable
industrial input to the treatment plant were analyzed for ten potentially toxic
elements. This included all the towns of groups 2 and 3 (Salem was inadvertently
omitted). In addition, three sludges were included from Group 1: Durham,
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suspected industrial input, and Pease AFB, because of unknown influences of
operations there. Results of these analyses are tabluated in Table 2.
From the information presented in Table 2, it may be concluded that,
despite the industrial component within the town, the Plymouth and Ports-
mouth treatment plants are not handling any significant amounts of industrial
wastes. In terms of sludge usage, these towns could be included with those in
Group 1. Apparently, the university contributes negligible amounts of poten-
tially toxic elements, so Durham sludge, along with that of Plymouth and
Portsmouth, can probably be considered typical of domestic sludges. The Pease
AFB sludge is moderately high in tin (500 ppm) and very high in silver (210
ppm) compared to other towns of New Hampshire. Levels of these two elements
are not normally reported, so it is unknown how these values compare to other
sludges throughout the United States. Berrow and Webber (1972) have, however,
reported the presence of these two elements in 42 sewage sludges from locations
in England and Wales. They found silver to range between 5 and 150 ppm, with
a median value of 20 ppm. Tin ranged from 40 to 700 ppm, with a median of
120 ppm. Based on these data, the Pease AFB sludge should probably be classed
as high in both silver and tin, and be included with the group 2 towns. The 720
ppm lead and 450 ppm tin in the Goffstown sludge is of moderate concern, but
the, 1,000 ppm antimony is sufficient to tentatively place Goffstown in group
three. (Again, there is little information on nation-wide sludges with which this
can be compared.)
Based on data for content of sludges nationwide (Page, 1974), only Dover
and Newport sludges might be considered to have high chromium concen-
trations, with Dover sludge having chromium levels in excess of any values cited
in the literature. Newport sludge is also moderately high in nickel. Lead appears
to be the most prevalent metal in New Hampshire sludges. Lead concentration of
greater than about 1,000 ppm in sludge would normally indicate a substantial
industrial waste input (Page, 1975). The cadmium concentrations of the Keene,
Laconia, Meredith and Claremont sludges are of considerable concern since this
element is highly toxic to both plants and animals, (Allaway, 1968). Although
the cadmium concentrations are much lower than those reported for many
industrial sludges (Page, 1974), they are above that which might be considered
"common" for sludges. On the basis of the EngUsh and Wales data (Berrow &
Webber, 1972), high concentrations of tin are present in several New Hampshire
sludges. The other elements listed in Table 2 are not present in sufficient
concentrations to cause undue alarm.
To provide a criterion for determining whether andhow much sludge can be
safely disposed on land. Table 3 lists the soil concentrations of several toxic
elements. It is assumed that the common soil concentration can be equaled by
sludge input, but that it would be unwise to exceed this level of addition until
further information on the fate of toxic elements in soil is obtained. Thus,
Tables 2 and 3 can be used in conjunction to determine safe addition levels. For
example, the toxic element concentrations of Merrimack sludge are. not high
enough to limit the application of this material to land, whereas, only one ton of
dry Dover sludge would increase the common chromium concentration by 99
percent. Although the silver content of most sludges would limit application, on
this basis, the common soil concentration is so low that the soil concentration of









On this basis, the sludges have been tentatively classified into low, medium,
and high-risk categories as related to their possible detrimental effects if placed
on the land (Table 4). Although the concentrations of potentially toxic elements
in the "low-risk" sludges are not of major concern, certain of the elements may
be accumulated in the soil. Therefore, care should be exercised that excessive
amounts of these sludges are not applied to soils. An average of four to six tons
(dry) per acre per year would probably be acceptable. The "medium-risk"
sludges should probably not be applied to land at rates exceeding one or two
tons (dry) per acre per year. Until additional information on the fate of heavy
metals added to land is available, the "high-risk" sludges should probably not be
added to land. If no other disposal technique is available, the sludge should be
spread very thinly over the land, adding no more than one or two tons (dry) of
sludge, to any one area within a ten-year period.
As a fertilizer material, none of the sludges would be particularly good. All
are low in potassium and usage of the sludges as a fertilizer would, therefore,
require additions of this element. Whether additional phosphorus would be
required, will depend upon the amount of sludge applied, the amount of
phosphorus in the soil, and the phosphorus requirements of the plants to be
grown. Whether additional nitrogen needs to be apphed is more dependent upon
the C/N ratio than on the total nitrogen content of the material. If organic
materials have a C/N ratio of greater than 15 or 20 to 1, additional nitrogen may
be needed to prevent temporary nitrogen deficiencies in the plants. Sludge from
secondary treatment plants using activated sludge and primary plants having an
anaerobic digester have a satisfactory C/N ratio. (Table 5). However, most of the
primary sludges that were not digested had a rather high C/N ratio. Thus, when
using these sludges as fertilizer , additional nitrogen may be needed.
While all the elements listed in Table 4, except sodium, barium and
strontium, are required by plants, several may become toxic if present in too
large quantities. This list would include manganese, boron, copper, zinc, and
molybdenum. In most circumstances, manganese in soil is sufficiently insoluble
that plants would be unlikely to absorb toxic quantities. Furthermore, boron,
zinc, and molybdenum are probably not present in quantities large enough to
cause plant nutritional problems if applied to soils at the suggested rates. The
potential for copper toxicity depends on the sludge copper content in excess of
200 ppm. While sodium is not highly toxic to plants, high sodium levels can alter
the physical and chemical properties of soils. In addition, sludge containing high
sodium levels should not be used on food crops where they will be consumed by
persons suffering hypertension.
12
Table 3: Amount of toxic elements, as listed by Allaway (1968), in soil and
amount of sludge of given concentrations needed to increase the
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New Hampshire sewage sludges were analyzed for several inorganic elements
which are necessary for plant growth and others which could be toxic to humans
or animals if present in large amounts. About one half of the sludges did contain
substantial quantities of the potentially toxic elements. Lead was the element
most commonly found, but one sludge contained nearly 10 percent chromium.
The remainder of the sludges did not contain any element in quantities that
could be considered dangerous if applied to the land in moderate amounts.
Generally, the sludges could not be considered as a complete fertilizer material
and, at minimum, additional potassium should be added with the sludge. Until
further mformation is compiled on rates of element build up in the soil and
uptake by plants, sludge usage in any one area should be kept to moderate
amounts.
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Find the sludge concentration of the element of interest in Column A.Find
the "safe" increase in soil concentration in Column B (normally, an addition
equal to the common concentration, Table 3, can be considered "safe"). When a
ruler is laid to intersect these two points, Column C will be intersected at the
maximum amount of sludge, in tons per acre, that can be applied to the land in
order not to exceed the "safe" increase (see example, below). Either wet or dry
basis can be used for columns A and C, but they should not be mixed. If the
concentration (Column A) is on a dry weight basis, the addition will be in dry
tons per acre, and if the concentration is on a wet basis, the addition will be on a
wet ton basis. The values in Column C are calculated on the assumption that the
sludge will be thoroughly mixed with the upper six inches of soil. If it is not
mixed to this level, the amount applied should be decreased accordingly, i.e., if
it mixed to three inches, apply only half the indicated amount.
EXAMPLE: The Keene sludge contained 8,500 ppm lead (Table 2). Soils
commonly contain about 10 ppm lead (Table 3), so it would
probably be safe to add this amount to the land. Drawing a line
to intersect 8,500 in Column A and 10 in Column B, we find
that we should not add more than l-'/a tons of dry Keene sludge
per acre.
The amount of any given sludge applied should be the lowest quantity
indicated by the presence of different elements. Although the total effects of all
elements should be considered, no appreciable problems should be encountered
if the common soil concentration of the most restricting element is not increased
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